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102. When the radio circuit apparatus is receiving, the output 
signal of the loW noise ampli?er 121 is inputted to the ?rst 
frequency converter 122 to be converted to the ?rst inter 
mediate frequency by the output signal of the ?rst local 
oscillator 102. The output signal of the ?lter 123 is inputted 
to the second frequency converter circuit 124 to be con 
verted to the second intermediate frequency by the output 
signal of the second local oscillator 103. Thereby, unneces 
sary components for transmission can be easily loWered to 
make it possible to miniaturiZe the radio circuit apparatus. 
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RADIO CIRCUIT APPARATUS AND RADIO 
COMMUNICATION EQUIPMENT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to miniaturiZing the entirety 
of a radio circuit apparatus such as a cellular phone utiliZed 
in a high frequency radio communication system Which 
employs the time division multiplex system. 

2. Related Art of the Invention 

In recent years, along With the development of mobile 
communication related markets such as that of cellular 
phones, a variety of application products utilizing a radio 
circuit apparatus appear in the market, and the miniaturiZa 
tion of radio circuit apparatus is becoming more and more 
important. 

FIG. 5 shoWs an eXample of the structure of a conven 
tional radio circuit apparatus. In this ?gure, 401 is a refer 
ence oscillator, 402 is a ?rst local oscillator, 403 is a second 
local oscillator, 404 is a transmitting circuit, 405 is a 
receiving circuit, 406 is a shared device and 407 is an 
antenna. The output signal of the reference oscillator 401 is 
inputted to the ?rst local oscillator 402 and the second local 
oscillator 403. And the output frequency of the second local 
oscillator 403 is ?Xed When the radio circuit apparatus is 
transmitting and When it is receiving, respectively. 

In the transmitting circuit 404, 411 is a modulator, 412 is 
a ?lter, 413 is a transmitted frequency converter, 414 is a 
?lter and 415 is a poWer ampli?er. When the radio circuit 
apparatus is transmitting, the modulator 411 modulates the 
output signal of the second local oscillator 403 With a base 
band signal (a modulated signal). 

The output signal of the modulator 411 is inputted into the 
transmitted frequency converter 413 after being reduced in 
the unnecessary frequency components by the ?lter 412, and 
converted into a frequency of a transmitted signal by the 
output signal of the ?rst local oscillator 402. The output 
signal of the transmitted frequency converter 413 is ampli 
?ed at the poWer ampli?er 415 after being reduced in the 
unnecessary components by the ?lter 414, and transmitted 
from the antenna 407 through the shared device 406. 

In the receiving circuit 405, 421 is a loW noise ampli?er, 
422 is a ?rst received frequency converter, 423 is a ?lter and 
424 is a second received frequency converter. A signal 
received on the antenna 407 is inputted into the loW noise 
ampli?er 421 through the shared device 406. The output 
signal of the loW noise ampli?er 421 is inputted into the ?rst 
frequency converter 422, and converted to the ?rst interme 
diate frequency by the output signal of the ?rst local 
oscillator 402. The output signal of the ?rst frequency 
converter 422 is reduced in the unnecessary frequency 
components by the ?lter 423. The output signal of the ?lter 
423 is inputted into the second frequency converter circuit 
424 to be converted to the second intermediate frequency by 
the output signal of the second local oscillator 403. 

In the above mentioned structure, hoWever, When the 
radio circuit apparatus is transmitting, a harmonic compo 
nent of the output signal from the second local oscillator 403 
is generated in the transmitted frequency band, and the 
harmonic component tend to become an unnecessary fre 
quency component for cellular phones close by. To prevent 
this problem, a large number of ?lters need to be provided, 
and as a result, the radio circuit apparatus as a Whole Would 
be bulky. 

SUMMARY OF THE INVENTION 

The present invention has a purpose, in light of the above 
problems, to provide a radio circuit apparatus and radio 

10 

15 

25 

35 

45 

55 

65 

2 
communication equipment to be able to be miniaturiZed 
Without generating an unnecessary frequency component 
Within the transmitted frequency band. 
The ?rst invention of the present invention 

(corresponding to claim 1) is a radio circuit apparatus 
utiliZed in a time division multiple access system charac 
teriZed by comprising: 

a local oscillator, 
a frequency divider, 
a modulator, 
a transmitted frequency converter, 
a ?rst received frequency converter, and 
a second received frequency converter, 

Wherein, When the radio circuit apparatus is transmitting, an 
output signal of the local oscillator is inputted to the trans 
mitted frequency converter and is inputted into the fre 
quency divider and then divided into a predetermined divid 
ing number to be a signal of a transmitted intermediate 
frequency; the modulator modulates the signal of the trans 
mitted intermediate frequency With a modulating signal to 
be outputted to the transmitted frequency converter; and the 
transmitted frequency converter converts an output signal of 
the modulator to a transmitted signal by the output signal of 
the local oscillator, 
When the radio circuit apparatus is receiving, an output 

signal of the local oscillator is inputted into the ?rst received 
frequency converter; the ?rst received frequency modulator 
outputs an received signal to the second received frequency 
converter after converting the received signal into a signal of 
a ?rst received intermediate frequency by the output signal 
of the local oscillator; the second received frequency con 
verter converts the signal of the ?rst received intermediate 
frequency into a signal of the second received intermediate 
frequency by a signal of a ?xed frequency, 

output frequencies of the local oscillator are sWitched 
betWeen When the radio circuit apparatus is transmitting and 
When the radio circuit apparatus is receiving. 
The second invention of the present invention 

(corresponding to claim 8) is a radio communication equip 
ment characteriZed by comprising; 

a radio circuit apparatus according to the present 
invention, a poWer ampli?er, a shared device and an antenna, 
Wherein the output signal of the transmitted frequency 
converter is inputted to the poWer ampli?er to be ampli?ed, 
When the radio circuit apparatus is transmitting, an output 

signal of the poWer ampli?er is selected by the shared device 
to be outputted from the antenna, 
When the radio circuit apparatus is receiving, a received 

signal inputted from the antenna is selected by the shared 
device to be inputted into the ?rst received frequency 
converter. 

BRIEF DESCRIPTION OF THE INVENTION 

FIG. 1 is a block diagram shoWing the structure of mode 
1 according to the invention. 

FIG. 2 is a block diagram shoWing the structure of a 
fractional dividing type PLL frequency synthesiZer. 

FIG. 3 is a block diagram shoWing the structure of mode 
2 according to the invention. 

FIG. 4(a) and 4(b) are graphs shoWing the relationships 
betWeen the transmitted frequency and the unnecessary 
frequency components in a mode of the prior art and the 
present invention, respectively. 

FIG. 5 is a block diagram shoWing the structure of a 
conventional radio circuit apparatus. 

EXPLANATIONS OF NUMERALS 

101, 301, 401 reference oscillator 
102, 302, 402 ?rst local oscillator 
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103, 403 second local oscillator 
104, 303 frequency divider 
304 multiplier 
105, 306, 404 transmitting circuit 
106, 307, 405 receiving circuit 
107, 308, 406 shared device 
108, 309, 407 antenna 
111, 311, 411 modulator 
112, 312, 413 transmitted frequency converter 
114, 314, 415 poWer ampli?er 
121, 321, 421 loW noise ampli?er 
122, 322, 422 ?rst received frequency converter 
124, 324, 424 second received frequency converter 

113, 123, 305, 313, 323, 412, 414, 423 ?lter 
201 voltage controlled oscillator 
202 variable frequency divider 
203 phase comparator 
204 loW pass ?lter 

205 dividing number control circuit 
206 reference frequency divider 

PREFERRED EMBODIMENTS 

Hereinafter, modes of radio circuits according to the 
present invention are described referring to the ?gures. 

(Embodiment 1) 
FIG. 1 shoWs the structure of a radio circuit apparatus 

according to mode 1 of the invention. In the ?gure, 101 is a 
reference oscillator, 102 is a ?rst local oscillator, 103 is a 

10 

25 

4 
frequency of the second local oscillator 103 is ?xed. In the 
transmitting circuit 105, 111 is a modulator, 112 is a trans 
mitted frequency converter, 113 is a ?lter and 114 is a poWer 
ampli?er. In the receiving circuit 106, 121 is a loW noise 
ampli?er, 122 is a ?rst received frequency converter, 123 is 
a ?lter and 124 is a second received frequency converter. 

When the radio circuit apparatus is transmitting, the 
output signal of the ?rst local oscillator 102 is inputted to the 
transmitted frequency converter 112 and inputted to the 
modulator 111 after being inputted to the frequency divider 
104 to be divided in the frequency. The modulator 111 
modulates the output signal of the frequency divider 104 
With a base band signal. The output signal of the modulator 
111 is inputted to the transmitted frequency converter 112 to 
be converted to a frequency of a transmitted signal by the 
output signal of the ?rst local oscillator 102. The output 
signal of the transmitted frequency converter 112 is ampli 
?ed at the poWer ampli?er 114 after being reduced in the 
unnecessary frequency components by the ?lter 113, and is 
passed through the shared device 107 to be transmitted from 
the antenna 108. 

When the radio circuit apparatus is receiving, a signal 
received on the antenna 108 is passed through the shared 
device 107 to be inputted to the loW noise ampli?er 121. The 
output signal of the loW noise ampli?er 121 is inputted to the 
?rst frequency converter 122 to be converted to the ?rst 
intermediate frequency by the output signal of the ?rst local 
oscillator 102. The output signal of the ?rst frequency 
converter 122 is reduced in the unnecessary frequency 
components by the ?lter 123. The output signal of the ?lter 
123 is inputted to the second frequency converter circuit 124 
to be converted to the second intermediate frequency by the 
output signal of the second local oscillator 103. 

TABLE 1 

The present invention (f2 
Prior art (f2 ?xed) variable) 

f1=(P+Aq)-f2...5O1 
The relationships _()_5 g Aq < 05 f1 = N - f2 . . . 505 

betWeenf1 andf2 {PZO’LZ’KH (N=1,2,3,...) 

The relationships fU + (P + 1 = Aq) - f2 . . . 502 f0 = (N + 1) - f2 . . . 506 

between f0 and f2 

Harmonic of f2 of Aq 1 

whichfrequencyis (P+1)-f2=(1_m1)-f0 . . . 503 (N+lil)-f2=[liN+l]-f0 . . .507 
the closest to fU _ 

Wherem the component of (N + 1) - 
f2 alWays overlaps f0 and is buried 
in the transmitted signal not to 
affect others. 

Frequency Aq 1 
difference between ‘f0 - - - 504 N+1 ‘f0 - - - 503 

the above frequency 
and f0 

In case N = P, 

therefore, unnecessary frequency components could be removed more easily according to the 
invention. 

second local oscillator, 104 is a frequency divider, 105 is a 
transmitting circuit, 106 is a receiving circuit, 107 is a shared 
device and 108 is an antenna. The output signal of the 
reference oscillator 101 is inputted to the ?rst local oscillator 
102 and the second local oscillator 103. And the output 

65 

The harmonic of the modulator 111 in such a structure is 
an unnecessary frequency component, and those unneces 
sary frequency components other than the transmitted signal 
must be fully attenuated so as not to affect cellular phones 
close by. This unnecessary frequency component in the 
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mode has characteristics of being removed more easily 
compared to unnecessary frequency components according 
to the prior art as described below. 

That is to say, in case a carrier signal inputted to the 
modulator 111 is What the output signal from the ?rst local 
oscillator 102 is divided by the frequency divider 104 like in 
the present mode, an unnecessary component doesn’t appear 
in the vicinity of the transmitted frequency. Contrarily, in 
case a carrier signal inputted into the modulator 411 is not 
What the output signal of the ?rst local oscillator 402 is 
divided by a frequency divider like in the prior art, there is 
some possibility that an unnecessary component appears in 
the vicinity of the transmitted frequency. 

In describing this phenomena, the above table 1 is referred 
to. 

The output frequency of the ?rst local oscillator 102 is put 
as f1 and a frequency of a carrier signal inputted into the 
modulator 111 is put as f2. In the prior art, the frequency of 
a carrier signal is supposed to be an invariable frequency 
irrelevant to the ?rst local oscillator 102. In the present 
mode, the frequency of a carrier signal is What the output of 
the ?rst local oscillator 102 is divided into 1/N at the 
frequency divider 104. In this case, the transmitted fre 
quency fO is the sum of the output frequency f1 of the ?rst 
local oscillator 102 and the frequency f2 of the carrier signal 
inputted into the modulator 111. Therefore the relationships 
betWeen f1 and f2 is described as 501 in table 1 according to 
the prior art. In the present mode, the carrier signal inputted 
into the modulator 111 is What the output signal of the ?rst 
oscillator 102 is divided With the frequency divider 104, 
Which is expressed as 505 in table 1. Furthermore, the 
relationships betWeen f0 and f2 is described as 502 in table 
1 according to the prior art, and as 506 in table 1 according 
to the present mode. A conventional unnecessary frequency 
component is put as flf and a transmitted frequency is put as 
f,f (f0) to shoW their relationships (a) according to the prior 
art and their relationships (b) according to the present mode 
in FIG. 4. 

Accordingly, a harmonic (ft) of the frequency f2 of the 
carrier signal inputted into the modulator 111 of Which 
frequency is the closest to the transmitted frequency fO is as 
folloWs. Namely, it is 503 in table 1 according to the prior 
art and 507 in table 1 according to the present mode. Note 
that, in the present mode, the component of (N+1)~f2 alWays 
overlaps the transmitted frequency f0. And because it is 
buried in the transmitted signal, it doesn’t affect others. 

Absolute values of differences betWeen those harmonic 
frequencies and the transmitted frequency fO are expressed 
as 504 in table 1 according to the prior art and 508 in table 
1 according to the present mode. In case N=P, 509 in table 
1 is alWays realiZed. That is to say, a harmonic of the carrier 
signal inputted in the modulator 111 appears closer to the 
transmitted frequency fO in the prior art than in the present 
mode. The same thing can be said in case fO=f1—f2. 

Accordingly, in the present mode Where the carrier signal 
inputted into the modulator 111 is What the output signal of 
the ?rst local oscillator 102 is divided With the frequency 
divider 104, an unnecessary component Won’t appear in the 
vicinity of the transmitted frequency, hoWever, in the prior 
art Where the carrier signal inputted into the modulator 111 
is not What the output signal of the ?rst local oscillator 102 
is divided With the frequency divider 104, there is some 
possibility that an unnecessary frequency component 
appears in the vicinity of the transmitted frequency. 

Therefore, those unnecessary frequency components must 
be removed, Which is easier in the present mode than in the 
prior art, because the further an unnecessary frequency 
component is apart from the transmitted signal, the easier it 
is to attenuate it by a ?lter or the like as mentioned above. 
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6 
Consequently, the structure of the radio circuit apparatus 

according to the present mode makes it possible to simplify 
the ?lter and as a result it becomes possible to miniaturiZe 
the radio circuit apparatus as a Whole. 

Furthermore, in case the transmitted frequency is higher 
than the received frequency, by properly selecting the divid 
ing number of the frequency divider 104, the oscillation 
frequencies of the ?rst local oscillator 102 can be close 
frequencies betWeen When the radio circuit apparatus is 
transmitting and When it is receiving. In general, the oscil 
lation frequency range of an oscillator and C/N are in the 
relationship of trade-off. Oscillation frequencies of the ?rst 
local oscillator Will not dramatically change When the radio 
circuit apparatus is transmitting and When it is receiving in 
the present mode, therefore, C/N of the ?rst local oscillator 
102 has a good value and a modulated Wave of the output of 
the transmitting circuit 105 can provide a very good preci 
sion. 

It is preferable to use a fractional frequency division type 
PPL frequency synthesiZer as the ?rst local oscillator 102. 

Frequency gaps of channels for transmission and for 
reception are usually at even intervals. In this case, the 
frequency gaps of the ?rst local oscillator 102 differs 
betWeen When the radio circuit apparatus is transmitting and 
When it is receiving. The reason for the difference is 
explained as folloWs. 

Frequencies of the transmitted Waves are put as f,f(1), 
frf(2), . . . , and frequencies of received Waves are put as 

fRF(1), fRF(2), . . . , then f,f(m+1)—f,f(m)=Af and fRF(m+1)— 
fRF(m)=Af, Wherein m=1, 2, , , . . . . That is to say, channel 

gaps have an invariable value of Af either When the radio 
circuit apparatus is transmitting and When it is receiving. 
Then a frequency gap betWeen adjoining channels of the ?rst 
local oscillator 102 When the radio circuit apparatus is 
transmitting and a frequency gap betWeen adjoining chan 
nels When the radio circuit apparatus is receiving are to be 
found. Output frequencies of the modulator 111 are put as 
fi]¢(1), fi]¢(2), . . . and output frequencies of the ?rst local 
oscillator 102 When the radio circuit apparatus is transmit 
ting are put as fl0(1), fl0(2), . . . and output frequencies of the 
?rst local oscillator 102 When the radio circuit apparatus is 
receiving are put as fLO(1), fLO(2), . . . . And the ?rst 
intermediate frequency When the radio circuit apparatus is 
receiving is ?xed, Which is put as flFl. 

lo(”)/N [Equation 2] 

As above mentioned, the transmitted frequency is 
described as equation 1 and the output frequency of the 
modulator 111 is described as equation 2. And the relation 
ship of the frequencies When the radio circuit apparatus is 
receiving is described as equation 3, Wherein n=1, 2, 3, . . . 
. By substituting equation 2 in equation 1, fi]¢(n) is eliminated 
to ?nd equation 4. 
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In equation 4, n is put as n-i to obtain equation 5. Equation 
5 is subtracted from equation 4 in respective sides to obtain 
equation 6. In equation 6, f,f(n)—f n-1)=Af then equation 7 
is obtained. Equation 7 is arrange to obtain equation 8. That 
is to say, the gap of the output frequencies of the ?rst local 
oscillator 102 When the radio circuit apparatus is transmit 
ting is N~Af/(N+1). 

fl?n)—fif(n—1)={?o(n)—?o(n—1)}/N [Equation 9] 

Af [Equation 10] 
N + 1 

[Equation 11] 

[Equation 12] 

Next, an equation Where n is put as n-i in equation 2 is 
subtracted from equation 2 in respective sides to obtain 
equation 9. Then, equation 8 is substituted in equation 9 to 
obtain equation 10. That is to say, the output frequency gap 
of the modulator 111 When the radio circuit apparatus is 
transmitting is Af/(N+1). In addition, as for equation 3, When 
fRF(n)—fLO(n)>0, What n is put as n-1 in equation 3 is 
subtracted from equation 3 in respective sides to obtain 
equation 11. In equation 11, fRF(n)—fRF(n—1)=Af, then equa 
tion 12 is obtained. The same thing can be said When 
fRF(n)—fLO(n)<=0. Consequently, the output frequency gap 
of the ?rst local oscillator 102 When the radio circuit 
apparatus is receiving is Af. 

The above is the explanation about Why, in case the gaps 
of channel frequency for transmission and for reception are 
at even intervals, the frequency gaps of the ?rst local 
oscillator 102 differ betWeen When the radio circuit appara 
tus is transmitting and When it is receiving. 

Under such circumstances, the folloWing disadvantages 
arise When conventional PLL frequency synthesiZer is used 
as a local oscillator. Namely, When the frequency of the 
reference signal inputted is decided, the gap of the output 
frequencies has a certain value, While in case the oscillation 
frequency gaps of the ?rst local oscillator 102 differ betWeen 
When the radio circuit apparatus is receiving and When it is 
transmitting such as in the present mode, the frequency of 
the reference signal needs to be changed betWeen When the 
radio circuit apparatus is transmitting and When it is receiv 
ing. For this purpose, tWo reference oscillators or the equiva 
lent equipment as these Would be necessary, Which ends up 
With a bulky scale of the circuit. 

Therefore, a fractional frequency division type of PLL 
frequency synthesiZer as described beloW can be used to 
output signals of Which frequency gaps of the local oscillator 
differ Without changing the frequency of the reference signal 
and Without generally changing the circuit scale. 

FIG. 2 illustrates the structure of a fractional frequency 
division type PLL frequency synthesiZer. In this ?gure, 201 

10 

15 

25 

35 

45 

55 

65 

8 
is a voltage controlled oscillator, 202 is a variable frequency 
divider, 203 is a phase comparator, 204 is a loW pass ?lter, 
205 is a dividing number control circuit and 206 is a 
reference frequency divider. In accordance With a set value 
by the dividing number control circuit 205, the variable 
frequency divider 202 divides and then outputs the output 
signal frequency of the voltage controlled oscillator 201. 
The reference frequency divider 206 divides the reference 
signal to be outputted as a phase comparison frequency. The 
phase comparator 203 compares phases of the output signal 
of the variable frequency divider 202 and of the output 
signal of the reference frequency divider 206 output a phase 
difference signal. This phase difference signal is inputted to 
the voltage controlled oscillator 201 after being smoothed by 
the loW pass ?lter 204. The voltage controlled oscillator 201 
controls the frequency of the output signal based on the 
phase difference signal inputted. In the above mentioned 
structure, by changing periodically the dividing number of 
the variable frequency divider 202 by the dividing number 
control circuit 205, a dividing number With precision beloW 
decimal point on average is implemented, and as a result, the 
phase comparison frequency can be set higher than the 
frequency gap of a desired output signal. And, because of the 
high phase comparison frequency, the frequency of the 
output signal can be sWitched at high speed. 

Consequently, in the present mode, the frequency channel 
gaps of the local oscillator When the radio circuit apparatus 
is transmitting and the frequency channel gaps of the local 
oscillator When the radio circuit apparatus is receiving are 
different from each other. By using a fractional frequency 
division type PLL frequency synthesiZer as a local oscillator 
in this case, it is possible to maintain the same phase 
comparison frequency betWeen When the radio circuit appa 
ratus is transmitting and When it is receiving, because the 
phase comparison frequencies need not to be maintained at 
the frequency channel intervals of the local oscillator. As a 
result, the frequency of the reference oscillator needs not to 
be sWitched betWeen When the radio circuit apparatus is 
transmitting and When it is receiving, therefore the output of 
the local oscillator has stable characteristics. 

In addition, either or both betWeen the shared device 107 
and the loW noise ampli?er 121 and/or betWeen the loW 
noise ampli?er 121 and the ?rst frequency converter 122, a 
?lter or ?lters may be provided. 

Furthermore, it is possible to utiliZe the output signal of 
the PLL frequency synthesiZer as the signal of ?Xed fre 
quency inputted to the second received frequency converter 
124. Namely, it is possible to use the output signal of the 
PLL frequency synthesiZer as the second local oscillator. 
The ?rst local oscillator 402 of the present mode is an 

eXample of a local oscillator according to the present inven 
tion. 

(Embodiment 2) 
FIG. 3 illustrates the structure of a radio circuit apparatus 

according to mode 2 of the present invention. In the ?gure, 
301 is a reference oscillator, 302 is a ?rst local oscillator, 303 
is a frequency divider, 304 is a multiplier, 305 is a ?lter, 306 
is a transmitting circuit, 307 is a receiving circuit, 308 is a 
shared device and 309 is an antenna. The output signal of the 
reference oscillator 301 is inputted into the ?rst local oscil 
lator 302 and is reduced in the unnecessary frequency 
components by the ?lter 305 after being inputted to the 
multiplier 304 to be multiplied. 

In the transmitting circuit 306, 311 is a modulator, 312 is 
a transmitted frequency converter, 313 is a ?lter and 314 is 
a poWer ampli?er; When the radio circuit apparatus is 
transmitting, the output signal of the ?rst local oscillator 302 
is inputted to the transmitted frequency converter 312 and 
inputted to the modulator 311 after being inputted to the 
frequency divider 303 to be divided. The modulator 311 
modulates the output signal of the frequency divider 303 
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With a base band signal. The output signal of the modulator 
311 is inputted into the transmitted frequency converter 312 
to be converted to a frequency of a transmitted signal by the 
output signal of the ?rst local oscillator 302. The output 
signal of the transmitted frequency converter 312 is ampli 
?ed at the poWer ampli?er 314 after being reduced in the 
necessary frequency components by the ?lter 313, and is 
passed through the shared device 308 to be transmitted from 
the antenna 309. 

In the receiving circuit 307, 321 is a loW noise ampli?er, 
322 is a ?rst received frequency converter, 323 is a ?lter and 
324 is a second received frequency converter. A signal 
received on the antenna 309 is passed through the shared 
device 308 to be inputted to the loW noise ampli?er 321. The 
output signal of the loW noise ampli?er 321 is inputted to the 
?rst frequency converter 322 and converted to the ?rst 
intermediate frequency by the output signal of the ?rst local 
oscillator 302. The output signal of the ?rst frequency 
converter 322 is reduced in the unnecessary components by 
the ?lter 323. The output signal of the ?lter 323 is inputted 
into the second frequency converter 324 to be converted to 
the second intermediate frequency by the output signal of 
the ?lter 305. 

The present mode differs from mode 1 shoWn in FIG. 1 in 
the point that, instead of inputting the output signal of the 
second local oscillator into the second received frequency 
converter, multiplied Waves of the reference oscillator is 
inputted. In addition, by omitting the second local oscillator 
of Which circuit scale is bulky With a massive poWer 
consumption, the radio circuit apparatus is designed to be 
miniaturiZed With a loWer poWer consumption. 

Moreover, in case the transmitted frequency is higher than 
the received frequency, by properly selecting the dividing 
number of the frequency divider 303, the oscillation fre 
quencies of the ?rst local oscillator 302 can be close 
frequencies betWeen When the radio circuit apparatus is 
transmitting and When it is receiving. Thereby, C/N of the 
?rst local oscillator 302 can be better and modulated Waves 
of the output of the transmitting circuit 306 can have a better 
precision. 

It is preferable to use a fractional frequency division type 
PLL frequency synthesiZer as the ?rst local oscillator 302 
like in mode 1. Thereby, the unnecessary components can be 
easily attenuated by the ?lter When the radio circuit appa 
ratus is transmitting in the present mode just like in mode 1, 
Which makes it possible to miniaturiZe the radio circuit 
apparatus as a Whole. 

Furthermore, either or both betWeen the shared device 
308 and the loW noise ampli?er 321 and/or betWeen the loW 
noise ampli?er 321 and the ?rst frequency converter 322, a 
?lter or ?lters may be provided. 

The ?rst local oscillator 302 in the present mode is an 
eXample of the local oscillator according to the present 
invention. 
As mentioned above, according to the present invention, 

the radio circuit apparatus that Won’t generate the unneces 
sary frequency components Within the transmitted frequency 
band and that is able to be miniaturiZed can be implemented. 
What is claimed is: 
1. A radio circuit apparatus utiliZed in a time division 

multiple access system comprising: 
a local oscillator; 

a frequency divider; 
a modulator; 
a transmitted frequency converter; 
a ?rst received frequency converter; and 
a second received frequency converter, Wherein: 
When the radio circuit apparatus is transmitting, an 

output signal of the local oscillator is inputted to the 
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transmitted frequency converter and is inputted into 
the frequency divider and then divided into a prede 
termined dividing number to be a signal of a trans 
mitted intermediate frequency; the modulator modu 
lates the signal of the transmitted intermediate 
frequency With a modulating signal to be outputted 
to the transmitted frequency converter; and the trans 
mitted frequency converter converts an output signal 
of the modulator to a transmitted signal by the output 
signal of the local oscillator, 

When the radio circuit apparatus is receiving, an output 
signal of the local oscillator is inputted into the ?rst 
received frequency converter; the ?rst received fre 
quency modulator outputs a received signal to the 
second received frequency converter after convert 
ing the received signal into a signal of a ?rst received 
intermediate frequency by the output signal of the 
local oscillator; the second received frequency con 
verter converts the signal of the ?rst received inter 
mediate frequency into a signal of the second 
received intermediate frequency by a signal of a 
?Xed frequency, and 

output frequencies of the local oscillator are sWitched 
betWeen When the radio circuit apparatus is trans 
mitting and When the radio circuit apparatus is 
receiving. 

2. A radio circuit apparatus according to claim 1 Wherein 
a frequency of the transmitted signal and a frequency of the 
received signal are different. 

3. Aradio circuit apparatus according to claim 1, utiliZing 
an output signal of a PLL frequency synthesiZer as the signal 
of the ?Xed frequency inputted to the second received 
frequency converter. 

4. A radio circuit apparatus according to claim 2, utiliZing 
an output signal of a PLL frequency synthesizer as the signal 
of the ?Xed frequency inputted to the second received 
frequency converter. 

5. A radio circuit apparatus according to claim 1, having 
a reference oscillator Which outputs a reference signal to the 
local oscillator, and utiliZing a multiplied Wave signal of an 
output signal of the reference oscillator as the signal of the 
?Xed frequency inputted into the second received frequency 
converter. 

6. A radio circuit apparatus according to claim 2, having 
a reference oscillator Which outputs a reference signal to the 
local oscillator, and utiliZing a multiplied Wave signal of an 
output signal of the reference oscillator as the signal of the 
?Xed frequency inputted into the second received frequency 
converter. 

7. Aradio circuit apparatus according to claim 1 Wherein: 
the local oscillator is a fractional frequency division type 
PLL frequency synthesiZer, the PLL frequency synthe 
siZer having a phase comparator, a loW pass ?lter, a 
voltage controlled oscillator, a variable frequency 
divider, and a dividing number control circuit; 

the variable frequency divider divides an output signal of 
the voltage controlled oscillator; 

the phase comparator detects a phase difference betWeen 
an output signal of the variable frequency divider and 
a signal of a phase comparison frequency; 

the loW pass ?lter smooths an output signal of the phase 
comparator; and 

the voltage controlled oscillator controls a frequency of an 
output signal by an output of the loW pass ?lter, the 
dividing number control circuit outputting a frequency 
gained by multiplying the phase comparison frequency 
by a non-integer from the voltage controlled oscillator, 
by periodically changing a dividing number of the 
variable frequency divider. 
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8. Aradio circuit apparatus according to claim 2 wherein: 
the local oscillator is a fractional frequency division type 
PLL frequency synthesizer, the PLL frequency synthe 
siZer having a phase comparator, a loW pass ?lter, a 
voltage controlled oscillator, a variable frequency 
divider, and a dividing number control circuit; 

the variable frequency divider divides an output signal of 
the voltage controlled oscillator; 

the phase comparator detects a phase difference betWeen 
an output signal of the variable frequency divider and 
a signal of a phase comparison frequency; 

the loW pass ?lter smooths an output signal of the phase 
comparator; and 

the voltage controlled oscillator controls a frequency of an 
output signal by an output of the loW pass ?lter, the 
dividing number control circuit outputting a frequency 
gained by multiplying the phase comparison frequency 
by a non-integer from the voltage controlled oscillator, 
by periodically changing a dividing number of the 
variable frequency divider. 

9. Aradio circuit apparatus according to claim 3 Wherein: 
the local oscillator is a fractional frequency division type 
PLL frequency synthesiZer, the PLL frequency synthe 
siZer having a phase comparator, a loW pass ?lter, a 
voltage controlled oscillator, a variable frequency 
divider, and a dividing number control circuit; 

the variable frequency divider divides an output signal of 
the voltage controlled oscillator; 

the phase comparator detects a phase difference betWeen 
an output signal of the variable frequency divider and 
a signal of a phase comparison frequency; 

the loW pass ?lter smooths an output signal of the phase 
comparator; and 

the voltage controlled oscillator controls a frequency of an 
output signal by an output of the loW pass ?lter, the 
dividing number control circuit outputting a frequency 
gained by multiplying the phase comparison frequency 
by a non-integer from the voltage controlled oscillator, 
by periodically changing a dividing number of the 
variable frequency divider. 

10. A radio circuit apparatus according to claim 4 
Wherein: 

the local oscillator is a fractional frequency division type 
PLL frequency synthesiZer, the PLL frequency synthe 
siZer having a phase comparator, a loW pass ?lter, a 
voltage controlled oscillator, a variable frequency 
dividers and a dividing number control circuit; 

the variable frequency divider divides an output signal of 
the voltage controlled oscillator; 

the phase comparator detects a phase difference betWeen 
an output signal of the variable frequency divider and 
a signal of a phase comparison frequency; 

the loW pass ?lter smooths an output signal of the phase 
comparator; and 

the voltage controlled oscillator controls a frequency of an 
output signal by an output of the loW pass ?lter, the 
dividing number control circuit outputting a frequency 
gained by multiplying the phase comparison frequency 
by a non-integer from the voltage controlled oscillator, 
by periodically changing a dividing number of the 
variable frequency divider. 

11. Aradio circuit apparatus according to claim 5 Wherein: 
the local oscillator is a fractional frequency division type 
PLL frequency synthesiZer, the PLL frequency synthe 
siZer having a phase comparator, a loW pass ?lter, a 
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voltage controlled oscillator, a variable frequency 
dividers and a dividing number control circuit; 

the variable frequency divider divides an output signal of 
the voltage controlled oscillator; 

the phase comparator detects a phase difference betWeen 
an output signal of the variable frequency divider and 
a signal of a phase comparison frequency; 

the loW pass ?lter smooths an output signal of the phase 
comparator; and 

the voltage controlled oscillator controls a frequency of an 
output signal by an output of the loW pass ?lter, the 
dividing number control circuit outputting a frequency 
gained by multiplying the phase comparison frequency 
by a non-integer from the voltage controlled oscillator, 
by periodically changing a dividing number of the 
variable frequency divider. 

12. A radio circuit apparatus according to claim 6 
Wherein: 

the local oscillator is a fractional frequency division type 
PLL frequency synthesiZer, the PLL frequency synthe 
siZer having a phase comparator, a loW pass ?lter, a 
voltage controlled oscillator, a variable frequency 
divider, and a dividing number control circuit; 

the variable frequency divider divides an output signal of 
the voltage controlled oscillator; 

the phase comparator detects a phase difference betWeen 
an output signal of the variable frequency divider and 
a signal of a phase comparison frequency; 

the loW pass ?lter smooths an output signal of the phase 
comparator; and 

the voltage controlled oscillator controls a frequency of an 
output signal by an output of the loW pass ?lter, the 
dividing number control circuit outputting a frequency 
gained by multiplying the phase comparison frequency 
by a non-integer from the voltage controlled oscillator, 
by periodically changing a dividing number of the 
variable frequency divider. 

13. Aradio circuit apparatus according to claim 7 Wherein 
the phase comparison frequency of the local oscillator are 
equal betWeen When the radio circuit apparatus is transmit 
ting and When the radio circuit apparatus is receiving. 

14. Aradio circuit apparatus according to claim 8 Wherein 
the phase comparison frequency of the local oscillator are 
equal betWeen When the radio circuit apparatus is transmit 
ting and When the radio circuit apparatus is receiving. 

15. Aradio circuit apparatus according to claim 9 Wherein 
the phase comparison frequency of the local oscillator are 
equal betWeen When the radio circuit apparatus is transmit 
ting and When the radio circuit apparatus is receiving. 

16. A radio circuit apparatus according to claim 10 
Wherein the phase comparison frequency of the local oscil 
lator are equal betWeen When the radio circuit apparatus is 
transmitting and When the radio circuit apparatus is receiv 
mg. 

17. A radio circuit apparatus according to claim 11 
Wherein the phase comparison frequency of the local oscil 
lator are equal betWeen When the radio circuit apparatus is 
transmitting and When the radio circuit apparatus is receiv 
mg. 

18. A radio circuit apparatus according to claim 12 
Wherein the phase comparison frequency of the local oscil 
lator are equal betWeen When the radio circuit apparatus is 
transmitting and When the radio circuit apparatus is receiv 
mg. 

19. Aradio circuit apparatus according to claim 2 Wherein 
the frequency of the transmitted signal is higher than the 
frequency of the received signal, and the dividing number of 
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the frequency divider is selected so that the output frequency 
of the ?rst local oscillator falls Within a predetermined range 
When the radio circuit apparatus is transmitting and When the 
radio circuit apparatus is receiving. 

20. Aradio circuit apparatus according to claim 3 Wherein 
the frequency of the transmitted signal is higher than the 
frequency of the received signal, and the dividing number of 
the frequency divider is selected so that the output frequency 
of the ?rst local oscillator falls Within a predetermined range 
When the radio circuit apparatus is transmitting and When the 
radio circuit apparatus is receiving. 

21. Aradio circuit apparatus according to claim 4 Wherein 
the frequency of the transmitted signal is higher than the 
frequency of the received signal, and the dividing number of 
the frequency divider is selected so that the output frequency 
of the ?rst local oscillator falls Within a predetermined range 
When the radio circuit apparatus is transmitting and When the 
radio circuit apparatus is receiving. 

22. Aradio circuit apparatus according to claim 5 Wherein 
the frequency of the transmitted signal is higher than the 
frequency of the received signal, and the dividing number of 
the frequency divider is selected so that the output frequency 
of the ?rst local oscillator falls Within a predetermined range 
When the radio circuit apparatus is transmitting and When the 
radio circuit apparatus is receiving. 

23. Aradio circuit apparatus according to claim 6 Wherein 
the frequency of the transmitted signal is higher than the 
frequency of the received signal, and the dividing number of 
the frequency divider is selected so that the output frequency 
of the ?rst local oscillator falls Within a predetermined range 
When the radio circuit apparatus is transmitting and When the 
radio circuit apparatus is receiving. 

24. A radio communication equipment comprising: 
a radio circuit apparatus according to claim 1, a poWer 

ampli?er, a shared device, and an antenna, Wherein the 
output signal of the transmitted frequency converter is 
inputted to the poWer ampli?er to be ampli?ed; 

When the radio circuit apparatus is transmitting, an output 
signal of the poWer ampli?er is selected by the shared 
device to be outputted from the antenna; and 

When the radio circuit apparatus is receiving, a received 
signal inputted from the antenna is selected by the 
shared device to be inputted into the ?rst received 
frequency converter. 

25. A radio communication equipment comprising: 
a radio circuit apparatus according to claim 2, a poWer 

ampli?er, a shared device, and an antenna, Wherein the 
output signal of the transmitted frequency converter is 
inputted to the poWer ampli?er to be ampli?ed; 

When the radio circuit apparatus is transmitting, an output 
signal of the poWer ampli?er is selected by the shared 
device to be outputted from the antenna; and 

When the radio circuit apparatus is receiving, a received 
signal inputted from the antenna is selected by the 
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shared device to be inputted into the ?rst received 
frequency converter. 

26. A radio communication equipment comprising: 
a radio circuit apparatus according to claim 3, a poWer 

ampli?er, a shared device, and an antenna, Wherein the 
output signal of the transmitted frequency converter is 
inputted to the poWer ampli?er to be ampli?ed; 

When the radio circuit apparatus is transmitting, an output 
signal of the poWer ampli?er is selected by the shared 
device to be outputted from the antenna; and 

When the radio circuit apparatus is receiving, a received 
signal inputted from the antenna is selected by the 
shared device to be inputted into the ?rst received 
frequency converter. 

27. A radio communication equipment comprising: 
a radio circuit apparatus according to claim 4, a poWer 

ampli?er, a shared device, and an antenna, Wherein the 
output signal of the transmitted frequency converter is 
inputted to the poWer ampli?er to be ampli?ed; 

When the radio circuit apparatus is transmitting, an output 
signal of the poWer ampli?er is selected by the shared 
device to be outputted from the antenna; and 

When the radio circuit apparatus is receiving, a received 
signal inputted from the antenna is selected by the 
shared device to be inputted into the ?rst received 
frequency converter. 

28. A radio communication equipment comprising: 
a radio circuit apparatus according to claim 5, a poWer 

ampli?er, a shared device, and an antenna, Wherein the 
output signal of the transmitted frequency converter is 
inputted to the poWer ampli?er to be ampli?ed; 

When the radio circuit apparatus is transmitting, an output 
signal of the poWer ampli?er is selected by the shared 
device to be outputted from the antenna; and 

When the radio circuit apparatus is receiving, a received 
signal inputted from the antenna is selected by the 
shared device to be inputted into the ?rst received 
frequency converter. 

29. A radio communication equipment comprising: 
a radio circuit apparatus according to claim 6, a poWer 

ampli?er, a shared device, and an antenna, Wherein the 
output signal of the transmitted frequency converter is 
inputted to the poWer ampli?er to be ampli?ed; 

When the radio circuit apparatus is transmitting, an output 
signal of the poWer ampli?er is selected by the shared 
device to be outputted from the antenna; and 

When the radio circuit apparatus is receiving, a received 
signal inputted from the antenna is selected by the 
shared device to be inputted into the ?rst received 
frequency converter. 

* * * * * 


